These pages show that we are allowing Americans to be exposed to levels 4 to 12 fold higher than those
levels which the Soviets exposed Americans at the U.S. Embassy in Moscow.

Enclosed are:
o Engineering reports showing the predicted exposure levels at 3 mobile telecommunication cell sites in

Seattle, Washington. The maximum predicted exposures are
Microwatts per square centimeter of area  Neighborhood Location

23 Laurelhurst
30 Ravenna
62 Edgewater

o Page 5-115 of the EPA report, Biological Effects of Radiofrequency Radiation, 1984, EPA-600/8-83-
026F which gives the exposure levels at the U.S. Moscow embassy. Note that for 23 years, from 1933 to
May 1975 the exposure levels did not exceed S microwatts per square centimeter.

Therefore the exposure levels for the above 3 Seattle neighborhoods are 4, 6, and 12 fold higher than that
which the Soviets irradiated the U.S. Moscow embassy.

Note that the EPA reports there was a 3 fold increase in protozonal infections than in comparison post
employees, and that, "In general both sexes in the Moscow group had somewhat higher frequencies of
most of the common kinds of health conditions reported.”

The author reported that location in the embassy was not related to incidence rates. The relevance of this
is not clear since only half of those sent questionaires reported, and also since location during work hours
may not reflect residence location after work hours. Also, some persons may have higher sensitivies than
others. In addition, studies in vitro of the effect of radiofrequency on calcium efflux ions of chick brain
shows that effects sometimes occur at lower levels and not at higher levels

[see above EPA study page 5-88-5-93; EPA notes this phenomena of effects at lower levels but not at
higher ones "may prohibit the invocation of threshold levels (page 5-92)." Thus, the observed fact of
higher incidence rates at the microwave trradiated U.S. Moscow embassy is the key fact to consider. ]

o Page 16 of the report of Dr. Neil Cherry on the epidemiological study of the U.S. Moscow embassy by
Dr. John Goldsmith finding that there was a statistically significant increase in the white blood cell counts,
mean hematocrit increased, and a threefold increase in monocyte count.

He reports there were also raised cancer deaths (15 out of 31 women staff, including leudkmia, famale
genitalia cancer, and child cancer. [from Goldsmith, J R. 1995: Epidemiological Evidence of
Radiofrequency Radiation (Microwave) Effects on Health in Military, Broadcasting, and Occupational
Studies. International Journal of Environmental Health, 1, pp 47-57, 1995 (note elsewhere the name of the
Jjournal has been given as International Journal of Occupational and Environmental Health)]

o Page 128-129 from The Zapping of America by Paul Brodeur, 1977, W.W.Norton, in which it is
documented that the white blood cell lymphocyte counts ran 44% higher than normal in 64 out of 213
American diplomats.

Also, that Zbigniew Brzezinski, the national security advisor to President Carter, reported to Paul

Brodeur that,
"The cancer rate among Americans at the Moscow embassy was the highest in the world."



|
jo:27 FROM WIRELESS SYS ENG TO 93280815 PAGE,005/007

Cellular Power Density for the Edgewater Cell Site.
No 10711704
F YL e ARG T e L s o salmbee Soioa NS Sy
3 l";}'& Lzl Antenna HewGHT: 35 lem ERPAChan: 100 wans B
,?1 Measurement Ht: 8 loet Amenna: DB 833R A
a3 Number of Radio Ch 30 by
‘7-&:«\.’ R ) '4_‘_-:i*.’ix;'m@w.\".-;z-é'(.*-;f.‘-%b««-'-'i-’.'::..._.4.__';.... L e el S L 0 Y
Distance| Adjuswed | Angis | Antenna Channela | % ot Revised
From Vertics| Below | Verticai | From Power ANSI
Tower | Elevetion|{ Mortzon | Puttermn Denstty Standerd
Fost) | (Foot) l(cegreesd (cB) | (Fest) l(uwicm~2} (500uW/cmA2) Comments:
[+] Q0 90.0 -20.0 29.0 1.66% 0.2829%
S 0 802 -29.0 29.4 1.421 QI7T4T%
10 0 71.0 -26.0 30.7 2.978 0 5044%;
20 0 S8.4 -17.0 35.2 ; xJ 3.5380%)
20 10 323 -11.5 35.5 | \ 2588 10.008 1%{2nd floor of ed] a n
4 0f 359| .108] 4904 . 6.5131%] 18t floor of ad] spartment 6;\,
50 0 0.1 -12.5 57.8 18.764 3.1904%!
80 0 25.8 -19.0 8.6 3.180 0.5I58%,
70 o 225 -12.3 75.8 11.435 1.538 1%
30 Q 18.9 9.0 88.1 19.382 3,296 1%
90 0 17.9 -7.0 04.8 24.878 4.2107%
100 Q 182 8.1 104.1 26.538 A 3280%
110 0 14.8 4.5 113.8 0588 8. 1007°%
120 )] 13.8 -3.9 123.% 29.7%8 5 .0808%:
120 0 128 -3.1 1332 31.133 w
140 0 11.7 -2.8 143.0 2.660 S.1982%
180 0 10.9 -2.0 152.8 30.138 8. 1079%
180 0 10.3 -2.0 162.8 28.600
170 Q 9.7 -1.8 1725 25.082
180 [*] 9.2 -1.8 182.3 22.415 317991
1890 [*] 8.7 -1.3 102.2 2.372 % a)
2001 0 8.3 131 2021 20295
225 ] 7.3 0.9 2289 17.807 2.9042%!
250 0 8.8 08| 2517 14639 _2.4513%
P 4] 0 40 08| 2708 12127 2.0883%
300 0 5.5 0.3 01.4 11.463 1.9412%!
325 0 5.1 0.3 328.3 9.772 1.088.3%!
350 0 4.7 Q.1 3812 8.833 1. AT %
375 0 4.4 01| 370.1 7.7 1. 08I%
400 0 4.1 0.1 401.0 8.773 1. 1480%:
ASD 0 17 Q.0 450.9 5.483 0.52B2%!
500 0 33 Q.0 500.8 4.444 0. T
800 0 28 0.0} 800.7 3.080
700 0 2.4 0.0 700.8 2271
800 0 2.1 0.0 800.5 1.740
900 0 1.8 0.0 900.5 1.375
1000 0 1.7 0.0 1 1000.4 1.114 0.1
1800 0 1.1 0.0 ] 1500.3 0.485 0.0839% !
2000 0 0.8 0.0 | 20002 0279 0O4TI% ‘
2500 0 0.7 0.0 | 2500.2 0.178 0.0302%,
3000 0 0.8 0.0 f 3000.1 0.124 0.0210%{ *
4000 0 0.4 0.0 ] 4000.1 0.070 Q07 18% '
5000 0 0.3 0.0 | 5000.1 0.048 0.0079% i
Assumptions: |
1.) “B-Band” Cellular Tranemitter Frequencies are 880.02 10 833.85 MMZ. '
2) Ak axposures wil be in the tar-fleid regICN STCN the PNGES! wavesngth i 14 iNChaes. |
1) Exposures inciude 64% reflected energy from the Ground. |
i
4.) Cakuiations a/e wOrsl Caes OE38d On HEOreNCE! AMMannas Mat Hrovide maxtmum gain ,
for 380 degrees in the nortzontal plane. |
I



Cellular Power Density for the Ravenna Cell Site.
Prepared by: Roy Norgaard 49/22194
Antenna Heignht: 38 feet ERP/Chan. 50 wans
Messurement Ht. 8 feet d/ Antenna: DB 833R
Number of Racio Chan 30
Distance Adjusted Angile Antenna | Distance| Channels % of Revised
From Vertcal Below Vertical From Power . ANSI
Tower Elevation Horizon Pattern | Antenns Density Standard
{Feet) {Feet) {degrees) (dB) {Feot] | (uW/ecm~2)| (E90uW/cm"2) Comments:
0 0 90.0 -29.0 32.0 0.685 0.1162%
5 0 B1.1 -29.0 32.4 0.689 0.1134%
10 0 72.6 -28.0 33.5 0.788 0.1332%
20 0 58.0 -17.5 37.7 6.981 1.1798%
30 0 46.8 -13.1 43.9 14.190 2.4060%
40 0 38.7 -10.6 51.2 18.502 3.1358%
50 0 32.6 -11.5 59.4 11.188 1.8980%
60 0 28.1 -14.0 88.0 4.799 0.8134%
70 [o] 24.6 -17.0 77.0 1.877 0.3182%
80 0 21.8 -11.1 86.2 5.828 0.9878%
90 0 19.6 -8.0 §95.5 7.891 1.3038%
100 0 17.7 -7.0 105.0 10.088 1.7100%
110 0 16.2 -8.1 114.8 . 1.7876% / ~
120 20 5.7 -0.3 1308 { 30414 “  5.1650%|3rd floor apt to north —
130 0 13.8 -3.9 133.9 - 2.1473%
140 0 12.9 -3.1 143.6 13.391 2.2696%
150 0 12.0 -3N 153.4 11.740 1.9898%
180 0 11.3 -2.5 163.2 11.773 1.9965%
170 0 10.7 -2.0 173.0 11.763 1.9921%
180 ) 0.1 -2.0] 182.8 10.622 ~1.7836%
190 0 9.6 -1.8 192.7 10.035 1.7008%
200 0 9.1 -1.8 202.5 9.081 1.6392%
22% 0 8.1 -1.3 227.3 8.000 1.3860%
250 0 7.3 -0.9 252.0 7.132 1.2089%
275 0 6.6 -0.8 278.9 8.049 1.0262%
300 0 8.1 -0.8 301.7 5.004 0.8633%
325 10 3.9 0.0 327.7 5.191 0.8798%(Typical 2 story residence
350 0 5.2 -0.3 361.5 4.211 0.7138%
375 0 4.9 -0.1 376.4 3.048 0.6618%
400 0 4.6 -0.1 401.3 3.383 0.§734%
480 0 4.1 -0.1 4511 2.876 0.45636%
500 0 3.7 0.0 6§01.0 2.221 0.3764%
600 Q 3.1 0.0 600.9 1.544 0.2817%
700 0 2.8 0.0 700.7 1.138 0.1924%
800 0 2.3 0.0 800.6 0.870 0.1474%
900 0 2.0 0.0 900.8 0.687 0.1168%
1000 0 1.8 0.0 § 1000.5 0.667 0.0944%
1500 0 1.2 0.0{ 1500.3 0.248 0.0420%
2000 0 0.8 0.0 § 2000.3 0.139 0.0238%
2500 0 Q.7 0.0 | 2500.2 0.089 0.0151%
3000 0 0.8 0.0 3000.2 0.002 0.01086%
4000 0 0.5 0.0 4000.1 0.036 0.00568%
5000 0 0.4 0.0 | 6000.1 0.022 0.0038%
Assumptions:
1.) *B-Banda“ Celluiar Transmittsr Fraquencres are 880.02 to 883.85 MHz.
2.) All exposures will be in the far-fleid region smce the longest wavsiength is 14 inches.
3.) Exposures inciude 64% reflected energy from the groung.
4.) Casiculstions sre worst case based on theoreticsl antennas that provide maximum gain
for 300 degrees in the hornzontal plane.
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ellular Power Density for the Laurelhurst Cell Site.

red by Roy Norgaaro 11/07/94
Antonno Haight: 45 {sat ERP/Chan: 100 watts .
Measurement H{: 8 foet Antenna: 0B 833R
Number of Radio Che 30
i .o X |
Distance| Agjustea | Angie AmamT)lltln Channels | % of Revised
From Vertlcal Below | Vertical ] From Powe! ANS!
Yower | Elevation | Horlzon § Petlern JAntennay Density Silanderd
(root) | (Fos) Lidegrews) (aB) | (Feey) luwiem-2) (390uw/cm~2) Comments:
0 ) 90.0 290 390 0.923 0.1584%
5 0 82.7 200} 303 0.008 0.1530%
10 0 75.8 280 403 1.420 0.2408%
20 0 82.9 -20.1 438 5.871 0.8812%
30 0 B24] 153]| 402| 15506] N\ 2.3033%
40 0 44.3 1221 550 /21523 ]  3.8480%}etores along Sand Point way
30 0 38.0 -10.7 83.4 238711 /  4.0459%|e10res along 5and Point way
80 0 330 -11.1 71.6 | ~—46:688 2.8842%
70 0 29.1 -13.8 80.1 7.238 1.2287%
80 0 26.0 -19.0] 800 1.772 0.3003%
00 0 234 -140] 981 4.613 0.7819%
100 0 21.3 -11.1] 107.3 7.511 12731%
110 0 19.5 90| 1187 10.804 1.7464%
120 0 18.0 80| 126.2 11.098 1.8810%
130 0 18.7 -8.1] 1357 15.028 2.5871%
140 0 15.8 -52] 1458 15.040 2.7017%
150 0 14.8 45] 1530 18.467 2.7910%
180 0 13.7 -30( 1847 16.745 2.8382%
170 0 126 -3.1 174.4 18.15" 3.0774%| Thritway perking lot
180 0 12.2 31| 1842 16 283 2.7598%
190 0 11.8 251 194.0 10.084 2.8244%
200 0 11.0 251 2038 15.000 2.6501%
225 0 5.0 18] 2284 14 288 2 4218%
250 0 89 -13] 2530 12.909 2.1870%
P75 0 8.1 -1.3) 2778 10.713 1.8167%
300 0 74 00}] 3025 £.901 1.8782%
325 0 [X) 08l 32713 8.654 1,4668%
350 2] 6.4 -0.8 382.2 7477 1.2672%)
378 0 6.0 03] 3770 7.319 1.2408%
400 0 5.8 03] 401.0 6 441 1.0018%
450 0 50 01] 4517 5.340 0.9051%
500 0 4.5 01 501.6 4331 0.7341%
600 [’ 37 001 601.3 3.084 0.5227% i
700 ) 32 00] 7011 2.268 0.3844%
800 0 28 00| 801.0 1.738 0.2046%
800 0 28 00| 9008 1.374 0.2328%
1000 0 2.2 00] 10008 1.113 0.1887%
1500 0 1.8 001 16006 0.406 0.0839%
2000 0 1.1 0.0 | 2000.4 0278 0.0472%
2500 0 09 0.0{ 25003 0.178 0.0302%
3000 0 0.7 0.0 { 3000.3 0.124 0.0210%
4000 0 0.6 0.0 { 40002 0.070 0.0118%
5000 0 0.4 001 5000.2 0.046 0.0078%
Assumptions:

1.) *B-Band” Celiutar Transmilier Freyuenciew are 880.02 to 853.85 MHz.

2.) Al exposures will be in the far-fieid reglon since the longus! waveiength 1s 14 inchos.

3.) Exposures inciude 84% reliectsd enorgy {rom the ground

4.) Calculstions are worsi case based on theorstical antennas that provide maximum gain

for 380 degrees in the horizonta! pisne
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Table 6-30. Microwave Exposure Leveisstthe U.S. Embassy

in Moscow*
Exposec Power Densitv ana
Time Period Ares of Chancery Exposure Duranon

Max ot § uW cm-
9 h. gay

1953 10 May 1975 West Facage

June 1975 1o Feb 1976 Sourn anc East Facade 18 yW cm-
18 n dav

South ang East Facage Fractions of 8 uW ‘cm:

Since Fed 7 1976
18 h oayv

*Data trom Likenfeio er 8/ 1978

Extensive efforts were launched to identify and trace
the popuiations. Information on ilinesses. conditions.
or symptoms were saught fromtwo major sources: (1)
employment medical records, which were fairly
extensive, given examination requirements for
foreign duty, and (2) a self-administered heaith
history guestionnaire. Questionnaire responses were
validated for a stratified sample by review of hospital,
physician, and clinic records. Death certificates were
also sought. although other sources aiso were used
to ascertain mortality status.

Standardized mortality ratios for various subgroups
were calculated for each cause of death. were
standardized for age and calendar period, and were
specific for sex. Similar procedures were used to
develop summary indices of morbidity.

A total of 4388 employees and 8283 dependents
were studied. More than 1800 with 3000 dependents
were employed at the Moscow Embassy and 2500
with more than 5000 dependents worked at the
comparison posts. Ninety-five percent of the
empioyees were traced. Receipt of compieted
questionnaires was less successful, with an overail
response rate of 52 percent for State Department
personnel.
Based on information 1n medical records. various

heaith problems were generally similar, with two

exceptions. Moscow employees had a threefold
greater nisk of acquiring protozoal infections than

comparison-post empioyees. in geners!, both sexas in

the Moscow group had somewhat higher frequencies
of most of the common ki?_ of Fenﬁﬁ conditions
et al. (N

reported. Lili ) 512188, However,
these most common conditions represented a very

heterogeneous collection and it is difficult to

conciude that they couid have been related to

exposure 10 microwave radiation since No consistent

pattern of increased frequency in the exposed group

could be found.”

Some excesses were reported by Moscow empioyees
in the health history questionnaire. Both sexes
reported more eyes probiems due to correctable
refractive errors. More psoriasis was reported by men
and anemia by women. The Moscow empioyees.
especially males, reported more symptoms such as
irritability, depression. difficulties in concentration,
and ioss of memory. It is possible. however, that a bias

f;ym f'lfms

with MicvrDd e AE2

due to awareness of potential adverse effects is
operating, since the strongest differences were
present in the subgroup with the least exposure.

The observed mortality was less in both male and
femaie employees than expected, based on U.S.
mortality rates; the male employees had more
favorable experience than femaie employees. In both
sexes, cancer was the predominant cause of death
The Moscow and comparison groups did not differ
appreciably in overall and specific mortality.

However, the populiation was relatively young; it may
have been too early to detect long-term mortality

- .

effects. = et s ne e Goldsm b 5.'1,”‘,
The authors concluded that no convincing evidence
was discovered to implicate microwaves in the
development of adverse heaith effects at the time of
the analysis. But they also carefully discussed
the limitations inherent in the study: uncertainties
associated with the reconstruction of the empioyee
populations and dependents. difficulties of obtaining
death certificates. the low percentage of responses
for the questionnaire, and the statisucal power of the
study. The limitation most critical for consideratipn in
a document such as this relates to ascertainment of
exposure. Problems relative to individual mobility
within the embassy and vanation of field intensities
within the building are present in this gtudy as in any
other. Norecords were available on where employees
livad or worked, so one had to rely on questionnaire
responses to estimate an individual's potential for
exposure. The highest exposure level (18 uW/cm?)
was recorded for only 6 months in 1975-76; thus, the
group exposed to the most intense fields had the
shortest cumulative time of exposure and of
observation 1n the study.

Robinette and Silverman (1977) and Robinette et a/.
(1980) examined mortaiity and morbidity among U.S.
naval personnel occupationally exposed to radar.
Records of service technical schools were used to
select subjects for the study; the men graduated from
technical schools during the period from 1950
through 1954. Exposure categorizations were made
on the basis of occupational speciaity. The exposure
group (probably highly exposed) consisted of
technicians invoived in repair and maintenance of
radar equipment. The controls (probably minimaily
exposed) were invoived in the operation of radar or
radio equipment. it was estimated from shipboard
monitoring that radiomen and radar operstors (in the
low-exposure group) were generaily exposed at less
than 1 mW/cmz?, and gunfire control and electronics
technicians (in the high-exposure group) were
exposed to higher levels during their duties. Over
40,000 veterans were included in the study, with
asbout equal numbers in these two major exposure
classifications. The mean age in 1952 of the low-
exposure group was 20.7 vears and of the high-
exposure group, 22,1 years. in conjunction with naval

ek S Associalte 5118
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Dr John R. Goldsmith, Professcr of Epidernioiogy, faculty of Health Sciences, Ben-Gurion
University of Negev, Israel, is an eminent and internationally recognised and respected
epidemiologist who has toid me personally that he had no trouble at ail with his reviewers nor

the editor in getting this paper published.

|

have studied several of Dr Goldsmith's references which are publishec in journals which are

N heid by the Medicai School Library in Christchurch ana Dr Goldsmith’s paper fairly represents
e the findings of these papers.

;/ M
P /J j ¢ ’J For exampie, the study of miscarmages among female physiotherapists in the United States.
’ !
v/

Dr Goldsmith carried out his own review of all published documents surrounding the U.S.

w embassy exposure, including significant material obtained under the Official

MQscow

Information Act and not previously published. Dr Goldsmith points out, as other researchers
have concluded also, that concentration on death as an outcome, ignores a host of evidence
of changed heaith status which is statistically correlated to increased exposure to

microwaves.

It was found that despite the lower than average age of the embassy staff and famiiies than
the general U.S. population, there was a statistically significant increase with white cell
counts, mean hematocrit increased and a threefold increase in monocyte count, while
neutrophil percentage fell and then rose and the reverse occurred for lymphocytes. There
were raised cancer deaths (15 out of 31 women starf), including leukemia, female genitalia

cancef angd child Cancer. T———a

Adult dependents showed five malignant neoplasms compared with 1.5 expected and
dependent children showed greater than expected anemia. —

In the Moscow_embassy case the mean exposure levels are estimated at between 5¢W/cm?2
and 18uW/cm2, compared to the “safe level* of the New Zealand standard of 200 uW/cmZ.
Assuming an average 40 'hotir working week, the mean exposure of embassy staff is in the

range 1 pW/cm2 to 4 uW/cm<.

In his discussion Dr Goldsmith makes the following observation which is significant from a
person of his standing, but is shared by every researcher of the five | have contacted so far:

“There are strong political and economic reasons for wanting there to be no heaith
effect of RF/MW (radiofrequency/microwave) exposure, just as there are strong
public heaith reasons for more accurately portraying the risks. Those of us who
intend to speak for public heafth must be ready for opposition that is nominally but

not truty, scientific.*

8.5 Chinese resesarch:

Totally separate and independent of Dr Goidsmith’s work there are several other researchers
and research groups who have detected significant changes in heaith status in workers
exposed to microwaves. The following abstract appears among those from the Second
Annual Meeting of the international Society for Environmental Epidemiology, Berkeley,
California, August 13-15, 1990. Judging by the terminology and the author's name this Is
presumed at this stage to be based on work in China. Work is going on in China which has

been reported in Microwave News.
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[128) Tr. ZAPPING OF AMERICA

about anything. President Carter had recently criticized their failure
to observe basic human rights, and the State Department had
claimed that the Moscow drinking water contained dangerous
amounts of cyanide and mercury. According to Wren, the Soviet
health officials did see fit to present a basic textbook on hematology
to Dr. Stossel—a gesture some diplomats considered condescending.
Whether this gesture was an attempt to condescend or to educate is
. a matter of opinion, especially in light of what two members of the
State Department’s medical team were quoted as saying during their
Moscow visit. Dr. Watson, for example, reported that the lym-
phocyte counts, which ran forty-four percent above normal | t
of 213 American diplomats and their depéndents who were tested,
constituted a “shight shift.” And Dr. Stossel declared that the abnor-
mality, which receded after the Americans left Moscow, “has no
known pathological meaning.”

The certainty of these two medical doctors about the abnormal
lymphocyte counts may well have temporarily reassured the Ameri-
cans who live and work at the Moscow Embassy. During the early
part of May 1977, however, an article written by Keyes Beech, a
syndicated Chicago Daily News columnist, appeared in newspapers
around the country. One version began as follows:

The State Dept. has given Johns Hopkins University of Baltimore
a $250,000 contract to determine whether there is a link between
microwave radiation beamed at the U.S. embassy in Moscow and an
apparently high rate of cancer among Americans serving there.

Richard Moose, deputy undersecretary of state for management,
said the cost of the research project might go as high as $400,000
before it is completed and that it would be a year or more before the
results are known.

“But it will be worth it to lower the anxiety level among Moscow
Embassy personnel and restore credibility in the State Dept. manage-
ment by Foreign Service families who felt they have been victimized,”
said Moose, who visited Moscow six weeks ago.

A separate, nonscientific study is being conducted by an emotionally
involved Forcign Service officer whose wife developed breast cancer
while they were serving in Moscow, Moose said.

The survey has disclosed that 16 American women who served in
Moscow developed breast cancer, Moose said. Two former American
ambassadors to Moscow, Charles (Chip) Bohlen and Llewellyn

The Cancer Connection {129}

Thompson, both died of cancer in the past few years.

Zbigniew Brzezinski, Polish-born national security adviser to Presi-
dent Carter, told this reporter in March 1976, in Tokyo, that the cancer
ratc among Americans in the Moscow embassy was the highest in the
world. —
e blamed Soviet microwave radiation beamed at the embassy for
what appears to be the abnormally high cancer rate.

“But none of this proves anything,” Moose said. “We just don't
know, but we are determined to find out.”

Dr. E. Cuyler Hammond of the American Cancer Society scoffed
at the idea that microwaves can cause cancer.

“This is poppycock Buck Rogers stuff,” he snorted. “The chances
are just about nil, although not impossible. Microwaves are not like
gamma rays or X-rays which do penetrate the cells and cause cancer.”

Dr. James M. Sontag of the National Cancer Institute at Bethesda,
Md., was more cautious. | wouldn’t scoff at the possibility,” he said.
“It’s true that microwaves are non-ionizing and M
not carcinogenic.

“But ultra-violet light is also non-ionizing and it can cause cancer,”
he said. “That's the way people get skin cancer ™~

Considering all the evidence, Dr. Sontag's remarks about a possi-
ble link between microwave irradiation and cancer scem eminently
sensible; those voiced by Dr. Hammond do not. Dr. Hammond is
Vice-President for Epidemiology and Statistics of the American Can-
cer Society; he participated in an analysis of the medical effects of
the atomic explosions that devastated Hiroshima and Nagasaki in
1945; his large-scale epidemiological studies of more than a million
men and women provided a major basis for the conclusions drawn
in the 1964 Surgeon General's report on the health effects of cigaretie
smoking; his statistical analysis of mortality among asbestos workers
has provided a major basis for the certainty that asbestos inhalation
is cancer-producing; and he, more than most people, should know
better than to dismiss out of hand something he has not even both-
ered 1o study. One wonders if Dr. Hammond would dismiss as
“poppycock Buck Rogers stuff”” a suggestion that microwave radia-
tion affects the central nervous system and alters behavior, or that
it may cause genetic damage. And what would he say to the fact that
when the State Department secretly tested young women from the
Moscow Embassy for genetic damage during the late 1960s, it found
evidence that such damage had occurred?

e
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Paff et a/. (1963), working with the isolated embryonic
chicken heart, were unable to detect changes in heart
rate during exposure to 24, 000-MHz (PW)radar fields.
They did, however, detect effects on the electrocar-
diogram (ECG), including abnormai P and T waves from
3-min exposures at 74 mW/cm?.

Frey and Seifert (1968) showed that 10-us puisesata
carrier frequency of 1.425 GHz given at a synchronous
period with the ECG (220 ms after the P wave)
resuited in tachycardia or heart arrhythmia in the
isolated frog heart. The peak power density was 60
mW /cm? (average power density ~ 0.6 4W/cm3). Liu
et al. (1976) reported no effect on heart rate with
isolated frog hearts or in hearts irradiated /n sitv in a
simiiar study. The 1n situ hearts were exposed to 100-
us pulses of either 1.42 or 10 GHz, and the tsolated
frog heants were exposed to 100-us puises of 1.42
GHz. The puise was delivered on the rising phase of
the R-wave from the ECG. which as somewnhat
similar 1o, but not exactly the same as. the 200-ms
delay following the P-wave used by Frey and Seifert.
{The R-wave follows the P-wave by about 200 ms.)
The peak and average power densites of 320 mW and
32 uW were also considerably higher than those used
by Frey and Seifert. These factors. plus differences in
the manner of preparing the isolated hearts{Liu er a/.
curarized the frogs., whereas Frey and Seifert
decapitated the frogs), make it difficult to compare the
resulits of the two studies.

Clapman and Cain {1975), however, tried to repiicate
the study of Frey and Seifert using similar puise
widths (10 us). peak and average power densities {60
mW/cm? and 0.6 4/W/cm?), carrier frequency (1.42
GHz), and method of isolating the frog heart; they
reported no change in heart rate. Also. no heart rate
changes were found when they conducted studies
with a different peak power (5.5 W/¢ém3i), frequency(3
GHz), and puise widths (2 and 150 us). Clapman and
Cain were able to produce an increased heart rate
with 20-mA current pulses synchromzed 200 ms after
the P-wave peak.

The results of microwave exposure on the cardiovas-
cular system (Table 5-22) indicate that whole-body
exposure of sufficient intensity to produce heating
aliso produces an increases in heart rate simiiar to that
which would be sxpected from heating alone. In the
isolated heart there appears to be a stimulation of the
autonomic nervous system from microwave exposure
at levels where very little heating wouid be expected
(1 to 2 Wrkg). Low levels of synchronized PW
microwaves (0.6 to 32 mW/kg) apparently are
ineffective in.producing detectable alterations in
heart rate.

5.7.5 Biological Effects of Low Freguency
Moduiation of RF Radistion

Interest 1n the biological effects of low frequency
modulation of RF radiation stems from reports of

changes caused by exposure to electric and magnetic
tields 1n the sub-ELF range (O to 30 Hz). It has been
reported that exposure to low-frequency electric
fields changes the reaction time in humans (Konig
and Ankermulier 1960; Hamer 1368; Konig 1971)and
in monkeys (Gavalas: et 8/. 1970; Gavalas-Medici and
Day-Magdaleno 1976), and alters circadian activity
in human beings (Wever 1973). Friedman era/. (1967)
observed that magnetic fields modulated at fow
frequencies also change reaction time in human
beings.

Two other studies that provide important background
information are reported by Kaczmarek and Adey
(1973. 1974). In the first report. they described
release of calcium ions and y-aminobutyric acid
(GABA) from the cerepral cortex of cats in response to
small changes in the extraceliular concentration of
calcium. In 1974, they demonstrated reiease of
calcium ions and GABA from the cat cortex in
response to low intensity electric currents, pulsed at
200 H2. applied directly to the cerebral cortex. Thus.
extraceliular calcium and eiectric current have
similar effects on the release of GABA and calcuum
ions from brain tissue.

The studies of (1) behavioral changes in animals and
human beings induced by iow frequency signals and
{2) biochemical changes in the cat brain caused by
electric currents led to a study of the influence of
electric fields on EEG patterns associated with a
conditioned behavioral response in cats (Bawin et a/
1973). To increase the penetration of the signals into
the tissue, they chose an RF carrier wave of 147 MHz,
which was amplitude modulated at sub-ELF frequen-
cies (e.g., 3 to 14 Hz). Alterations were observed in
the rate of performance, accuracy of reinforced
patterns, and resistance to extinction in learned
behavior of the exposed animals compared to
controls, indicating that the fields were acting as
reinforcers. In order to determine whether these
effects were mediated via peripheral receptors or
occurred as a result of changes induced directly on
the CNS, experiments were designed to examine the
effects of modulated RF carrier waves on brain tissue
in vitro.

5.7.5.1 Caicium lon Efflux /n Vitro: A
Fundsmental Finding

The association of caicium ions with brain tissue was
selected as the biochemical marker to examine the
influence of modulated RF fields because caicium ion
efflux has been shown to be sensitive to eiectric
currents appiied directly to brain tissue /n vitro, and
because calcium ions have a prominent role in many
biochemical and biophysical processes (e.g., celiuiar
membrane integrity and function, enzyme cofactor,
putative second messenger for the conduction of
extracellular signals to the nucleus of the cell, neural
tissue excnanon and secretion of transmitter
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substances at synapses). The first report of
the influence of modulated RF fields on excised brain
tissue was Bawin et a/. {1975), who showed that a 20-
min exposure of chick brain tissue mn vitrotoa 147-
MMz fieid at 1 to 2 mW/cm?(SAR estimated at 0.002
W/kg) caused enhanced efflux of calcium ions, but
only if the field was sinusoidaily amplitude moduiated at
frequencies of 6. 9. 11. 16, or 20 Hz. Maximal efflux
was measured at 16 Hz. Modulation frequencies of O,
0.5. 3. 25, and 35 Hz were ineffective. This frequency-
specific response, which occurred while the 147-
MMz carnier field was maintained at the same power
density, indicates that the field-induced efflux of
calcium ions was not due to heating of the sampies.

In another report. Bawin et a/. {1978) exposed chick
brain tissue for 20 min to 450-MHz fieids, amplitude
moduiated at 16 Hz. at 0.75 mW/cm?(SAR estimated
at 0.0035 W/kg) under a variety of chemical
conditions. The results demonstrated that (a) the
enhanced efflux of caicium ions is not highly sensitive
to the external calcium concentration, {b) bicarbonate
appears to be important for enhanced efflux, (c)
lowering the pH from 7.6 to 6.8 in the presence of
bicarbonate may enhance the magnitude of effiux.
and (d) lanthanum causes a reversal to field-induced
retardation of calcium ion efflux.

Corroboration of the frequency-specific response
described by Bawin and co-workers was provided by
Blackman et al (1979), who showed that 16-Hz
amplitude modulation of 147-MHz carrier waves
caused enhanced efflux in chick brain tisgue /n vitro.
whereas modulation frequencies of 3. 9, and 30 Hz
did not. Although the data had farge variances. an
unusual intensity response was described. 1.e., only
0.83 mW/cm? (SAR estimated at 0.0014 W/kg)
produced a staustically significant efflux enhance-
ment (intensity values are corrected bagsed on
discussion in Blackman et a/. 1980a); power densities
{0.11.0.55.1.11 and 1.38 mW/cm?) beiow and above
the effective value did not cause efflux. In a later
report, Blackman et a/. (1980a) used a revised
statistical model and experimental procedure to
reduce the influence of the large sample vanance. An
intensity response identical to their eariier result was
Tound. However, when the distance between sampies
was haived. the range of intensities that produced
enhanced efflux increased to include 0.55,0.83, 1.11
and 1.38 mW/cm?, whereas lower and higher vaiues
of 0.11 and 1.66 mW/cm? were ingffactive. In
addition, an intensity region from 0.85 to 1.11
mW/cm? caused enhanced efflux when 9 Hz was
used as the modulation frequency. These data.
obtained with a more rigorous experimental protocol,
provided additionai support for the resuits of Bawin et
al. (1975) and Blackman et a/. (1979); however, the
explanation for the dependence on sample spacing
awaited further developments.

Shocos higher

O (e
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Joines et 8/ {1981) examined the dependence on
sample spacing by calculation of the electrical
coupling between the samples; for similicity the
sampies were modeled as spheres. They found that
increased electrical interaction between the more
closeiy packed spheres produced a broader range of
internal field strengths within each sphere. Thus, if a
given internal field strength were necessary to cause
enhanced efflux, the chance wouid be greater for that
internal field strength to occur in closely coupied
samples exposed to a specific range of incident
intensities. Joines et a/. (1981) found this result to be
consistent with the experimentai findings In
Blackman et a/. (1880a). Thus a potential artifact was
shown to be a logical resuit of the experimental
procedures.

The intensity response observed by Blackman et a/.
(19798} with modulated 147-MHz carrier waves was
confirmed by Sheppard et a/ (1979) with 450-MHz _
carrier waves. m d at 16 Hz: calcium-ion efflux
nd 1.0 mW/cm? but not at

0.05. 2.0, : cm?. (The esumated SAR at 1.0
mW/cm? is W/kg.} The results of these two

reports show tha! the intensities producmg calaium-
ion efflux from chick brain tissue /n vitro are within
the range of 0.1 to 1.38 mW/cm?for modulated 147-
MHz and 450-MHz carrier waves.

The apparent carrier-frequency independence of
effective intensities was tested with a 50-MHz carrier
wave, amplitude modulated at 16 Hz. Enhanced etflux
of calcium ions occurred within two intensity regions
(between 1.44 and 1.67, and at 3.64 mW/cm; SARs
were 0.0013 and 0.0035 W/kg, respectively)
separated by intensities of no effect, inciuding 0.72
mW/cm? (Blackman er a/. 1980b). These effective
intensnty values were different from the corresponding
vaiues of 147-MHz radiation; thereby indicating a
dependence on carner frequency. In addition this
resuit revealed the existence of more than one range
of effective intensities.

The apparent discrepancy in effective power
densities at the three different carrier frequencies
(50, 147, and 450 MHz) has been resolved by the
finding that efflux 1s dependent on the electric fieid
strength within the tissue and not on incident
intensity (Joines and Blackman 1980). The caicula-
tion to transform the incident intensity to internal
fisld strength was based on an empirical mode!
described by Joines et al (1981). With the data
available at 50 and 147 MHz. the model was used to
predict intensities that would produce both aitera-
tions and no aiterations in caicium-ion efflux; some
predictions were tested and found to be valid
(Blackman er a/. 1981). These reports described two
intensity ranges that appear effective for enhanced
efflux at both 50 and 147 MHz, identified the internal
electric field strength rather than incident intensity as
the important exposure parameter, and showed the
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substances at synapses). The first report of Joines et a/ (1981) examined the dependence on
the influence of modulated RF fields on excisedbrain  sample spacing by caiculation of the electrical

tissue was Bawin et a/. (1975), who showed that a 20- coupiing between the sampies. for similicity the
min exposure of chick brain tissue /n vitroto a 147- sampies were modeted as spheres. They found that
MHz field at 1 to 2 mW/cm?(SAR esumated at 0.002 increased electrical interaction between the more

W/kg) caused enhanced efflux of calcium ions, but closely packed spheres proauced a broader range of
only if the field was sinusoidally amplitude modulated at internal field strengths within each sphere. Thus., if a
frequencies of 6. 9. 11, 16, or 20 Hz. Maximal efflux given internal field strength were necessary to cause
was measured at 16 Hz. Modulation frequencies of O, enhanced efflux, the chance would be greater for that

0.5. 3. 25, and 35 Hz were ineffective. This frequency- internal field strength to occur in ciosely coupled

specific response, which occurred while the 147- samples exposed to a specific range of incident

MMz carrier field was maintained at the same power intensities. Joines et 8/. (1981) found this resuit to be

density, indicates that the field-induced efflux of consistent with the experimental findings in

calcium 1ons was not due to heating of the samples. Blackman et a/. (1980a). Thus a potential artifact was
shown to be a logical result of the experimental
procedures.

In another report. Bawin et 8/ (1978) exposed chick
brain ussue for 20 min to 450-MHz fields, amplitude  The intensity response observed by Blackman er al.
modulated at 16 Hz, at 0.75 mW/cm?(SAResumated  1979) with modulated 147-MHz carrier waves was
at 0.0035 W/kg) under a variety of chemical ”~ confirmed by Sheppard et a/. (1979) with 450-MHz
conditions. The results demonstrated that (a) the\ carrier waves. modulated at 16 Hz; calcium-ion efflux
enhanced efflux of calcium ions is not highly sensitive \ \vas enhanced at 0.1 and 1.0 mW/cm? but not at
to the external calcium concentration, (b) bicarbonate 0.05. 2.0. or 5.0 mW/cm2. (The estimated SAR at 1.0
appears to be important for enhanced efflux. (¢) | mw/cm? is 0.0047 W/kg.) The results of these two
lowering the pH from 7.6 to 6.8 in the presence of reports show that the intensities producing caidium-

bicarbonate may enhance the magnitude of efflux.  i5n effiux from chick brain tissue in vitro are within
and (d) lanthanum causes a reversal to field-induced  |ne range of 0.1 to 1.38 mW/cm? for modulated 147-
retardation of calcium ion efflux. MHz and 450-MHz carrier waves.

i . The apparent carrier-frequency independence of
Corroboration of the frequency-specific response g0 .iv0 intensities was tested with a 50-MHz carrier
described by Bawin and co-workers was provided by :
Blackman er al (1979), who showed that 16-Hz wave, amplitude moduiated at 16 Hz. Enhanced efflux
- Ve ’ of calcium ions occurred within two intensity regions
amplitude modulation of 147-MHz cammier waves (be .

- X £ - . tween 1.44 and 1.67, and at 3.64 mW/cmi; SARs
caused enhanced efflux in chick brain tissue /n vitro, re 0.0013 d 0.0035 W/k )
whereas modulation frequencies of 3. 9. and 30 Hz were ©. > and . g. respectively)

. ey separated by intensities of no effect, including 0.72
did not. Aithough the data had large variances. an 2 ,
unusual intensity response was described. 1.e., only mW/cm? (Blackman er a/. 1980b). These effective
0.83 mW/cm? (SAR estimated at 0001' 4' W /kg) nm‘ensny fva::e,s were different from the corresponding

: e y slues o -MHz radiation; thereby indicating a
produced a statistically significant effiux enhance- v o .
ment (intensity values are corrected based on dependence on carrer frequency. In addition this

) - result revealed the existence of more than one range
discussion in Blackman et s/. 1980a). powerdensities ¢ a¢acrn o intensities
{0.11.0.55. 1.11 and 1.38 mW/cm?) below and above ~ )
the effective value did not cause efflux. In a (ater The apparent discrepancy in effective power
report, Blackman et a/. (1980a) used a8 revised densities at the three different carrier frequencies
statistical model and experimental procedure to {50. 147, and 450 MHz) has been resolved by the
reduce the influence of the iarge sampie vanance. An finding that efflux is dependent on the electric field
intensity response identical to their esriier resuit was strength within the tissue and not on incident
found. However, when the distance between sampies -] intensity (Joines and Blackman 1980). The caicula-
was halved, the range of intensities that produced tion to transform the incident intensity to internal
enhanced effiux increased to include 0.55.0.83.1.11 | field strength was based on an empirical model
and 1.38 mW/cm?, whereas iower and higher vaiues | described by Joines et a/ (1981). With the data
of 0.11 and 1.66 mW/cm? were ineffective. In available at 50 and 147 MHz. the model was used to
addition, an intensity region from 0.55 to 1.11 predict intensities that would produce both aitera-
mW/cm? caused enhanced efflux when 9 Hz was - \ tions and no aiterations in caicium-ion efflux; some
used as the modulation frequency. These data, predictions were tested and found to be valid
obtained with a more rigorous experimental protocol, (Blackman et a/. 1981). These reports described two
provided additional support for the resuits of Bawin et intensity ranges that appear effective for enhanced
al. (1975) and Blackman et a/. (1979); however, the efflux at both 50 and 147 MHz, identified the internal
explanation for the dependence on sample spacing electric field strength rather than incident intensity as
awaited further developments. the important exposure parameter, and showed the
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importance of frequency-dependent compiex permit-
tivity values of brain tissue in the conversion of
incident intensity to internal fieid strength. The
exposures at 50 and 147 MHz caused no generalized
heatng of the sampie. The maximum temperature
rise was calculated to be <0.0004°C, and SAR
calculated at each carrier frequency was <0.0014
W/kg (Blackman et 8/ 1980b).

Subsequent to the critique by Athey (1981) that the
simple spherical mode! used by Joines and Blackman
{1980) was too idealized, these authors showed that a
layered sphere model produced relationships between
incident intensities at 50, 147, and 450 MHz and
internal field strengths that were aiso consistent with
the experimental results (Joines and Blackman
1981). The success of the initial, simpie models to
predict intensity regions of both field-induced efflux
enhancement and no enhancement demonstrates
the utility of the approach. More refinements in the
models are necessary before the experimental
situation 1s realistically described.

Sheiton and Merritt (1981), who used different
procedures from those described by Bawin er a/
(1975), Blackman et a/. (1979, 1980a.b). and
Sheppard et 8/. (1979) reported no change in calcium-
ion efflux from rat brain. Brain tissue, labeied /n vitro
with radioactive calcium, was irradiated at 1 GHz
pulse-modulated with square waves at 16 or 32 Hz
(0.5. 1.0, 2.0. and 15 mW/cm?). In a second report,
Maerritt er a/ (1982} exposed rat brain tissue labeled /n
vivo with radioactive calcium to microwave radiation,
puise modulated at 16 Hz (20-ms puise width). The
intensities for the 1-GHz carrier frequency were 1
mW/cm? (SAR =0.29 W/kg) and 10 mW/cm? (SAR =
2.9 W/kg); and for the 2.45-GHz carrier frequency, 1
mW/cm? (SAR = 0.3 W/kg). In addition, animals
\abeled with radioactive caicium were exposed for 20
min to 2.06-GHz radiation at one of 17 different
combinations of intensity and puise repetition rate: 0,
0.5.1.0,5.0. 10.0 mMW/cm? (SAR was 0.24 W/kg per
mW/cm?); and 0, B, 16, 32 Hz (puise width was 10
ms). After exposure, brain tissus was analyzed for
radioactivity. No statistically significant field-induced
enhancement of caicium-ion efflux or change of
caicium contentin the brain tissue was found. The
reason for thesw negastive findings is not known;
however, the use of square wave rather than sine
wave modulation, the different biologicai preparation,
and different medium composition are factors that
may have influenced the outcome.

5.7.5.2 Additional CNS Studies

The reports of field-induced caicium-ion efflux from
chick brain tissue /n vitro have led to other CNS
studies. Synaptosomes. prepsred from rat cerebra
and labelled with radioactive caicium. were exposed
for 10 min at 0.5 mW/cm? to 450-MHz fieids,
amplitude modulated at 0, 16, or 60 Hz (Lin-Liu and
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Adey 1982). Only 16 Hz affected the efflux kinetics of
calcium ions. Although the SAR can be estimated as
low. an exact value cannot be unequivocally
established because the exposure chamber may have
been operated in a muitimodal cor:dition. (See Weil et
al. 1981.) Nevertheiess, this result is modulation
dependent, and it is unlikely that heating is invoived
as a causative agent.

Similar field-induced efflux enhancement has been
reported in a live animal. Adey et a/. (1982) exposed
awake, immobilized cats to 450-MHz fieids, amplitude
modulated at 16 Hz. at 3.0 mW/cm? (SAR = 0.29
W/kg). The release of calcium ions from the cortex
was observed as a function of time. Irradiation for 60
min caused episodes of enhanced efflux lasting 20 to
30 min and extending into the postexposure period.
Aithough focusing on a different component of the
efflux kinetics than that studied by Lin-Liu and Adey
(1982), these results demonstrate that RF fields
modulated at 16 Hz can cause changes in both a
subcellular membrane system and in the live
mammal. Thus, the fieid-induced phenomenon is not
restricted to an avian species nor to /n vitro
preparations. ’

Recently, Dutta er 8/ {1984) observed field-induced
enhancement of caicium ions from csils of human
origin. Monolayer cultures of human neuroblastoma
celis were exposed for 30 min at ten SARs from 0.01
to 5.0 W/kg to 915-MHz fields, with or without
sinusoidal amplitude modulation (80 percent) at
frequencies between 3 and 30 Hz. Significant
increases in the efflux of calcium ions occurred at two
SARs (0.05 and 1.0 W/kg). The increased efflux at
0.05 W/kg was dependent on the presencs of 16-Hz
modulation but not at the higher value. Exposure at
moduiation frequencies between 3 and 30 Hz(SAR =
0.05 W/kg) reveaied a peak in the response at 16 Hz.
Although the effective SAR (0.05 W/kg) for 16-Hz
modulation is more than 38 times greater than the
SARs for enhanced efflux of caicium ions from chick
brain tissue /in vitro, the low-frequency response
pattern was similar to that reported by Bawin et a/.
(1975) and Blackman et a/. (1979). The reiation of
enhanced efflux with unmoduiated fields at 1.0 W/kg
with the effects of modulated fisids is not known at
this time; however, it is not due to a temperature
increase in the sample because enhancement was
not found at SARs of 2.0 and 5.0 W/kg.

The effect of modulated RF fields on the -EEG was
investigated by Takashima et a/. {(1979). Rabbits were
exposed 2 h daily for 6 weeks to 1.2 MHz, amplitude
modulated at 15 Hz, or 5§ MHz amplitude modulated at
14 Hz. Following exposure, the EEG was recorded
with scaip electrodes and, when compared to the
pretreatment EEG pattern, was found to be aitered
with enhanced low-frequency componants and
decreased high-frequency components. The EEG
pattern returned to the pretreatment pattern after
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several weeks postexposure. Although the electric
field intensity was given as 500 V/m, with an error
factor as large as 2, the important aspect of the
results was that unmodulated fields of similar
intensity had no effect on the EEG pattern. The
absence of metallic electrodes in the animal during
exposure avoids the major criticism of earlier studies
that reported field-induced changes in EEG patterns
(Gavalas et a/. 1970; Bawin er a/. 1973).

Sagan and Medici (1979) studied the influence of
450-MHz fields. sinusoidally amplitude modulated at
either 3 or 16 Hz, on locomotor activity in young
chickens. The experiments were performed in a
plastic, modified Skinner box with light beams to
monitor activity, the complete apparatus was placed
in an anechoic chamber and exposed in the far field.
The authors found no statisticatly significant change
in performance during or immediately after a 23-min
exposure at 1 or 5§ mW/cm? (SAR estimated at 0.2
and 1.0 W/kg). They concluded that the lack of a field-
induced response could be due to the use of
modulation frequencies not present in the chicken's
EEG during performance on the particuiar (fixed-time
schedule) task. An alternative possibility. based on
the multiple-intensity ranges observed for field-
induced caicium-ion efflux, is that the two intensities
used in this study may have been outside the effective
ranges.

In summary, four groups (Adey et 8/.; Blackman et a/.;
Dutta er al.; Takashima et al) have shown that RF
fields, sinusoidally moduiated at sub-ELF frequencies.
especiatly 16 Hz, cause CNS changes in different /n
vitro preparations and in the live animal. Many of
these studies have been anaiyzed in reviews (Adey
1981; Blackman er a/. 1981; Greengard et a/. 1982,
Myers and Ross 19B81). itis generally agreed that both
the mechanism of interaction and the physiological
consequences of these changes are yet to be
established.

5.7.5.3 Non-CNS Studies

The effects of exposure of pancrestic tissue and T-
lymphocytes to RF fields, sinusoidally amplitude
modulated at iow frequencies, have been examined.
An increase of calcism-ion efflux from rat pancreatic
tissue exposed /nwile 8t 2 mW/cm3 for 1 t0 2.5 h at
147 MHz, moduiemad at 16 Hz (estimated SAR <
0.075 W/kg), hes been reported by Albert er al
(1980Q). However, the sfflux was not accompanied by
a change in protein secretion, which is normally
associated with caicium mobilization in the pancreas.
The authors attributed the lack of protein secretionto
a limitation imposed by the exposure conditions, i.e..
a reiatively small volume of medium was available to
the tissue for normal metabolic activity.

In another in vitro assay, the cytotoxic activity of
mouse T-lymphocytes was suppressed by a 2-h
exposure (1.5 mW/cmi)to 450-MHz fields, modulated

at frequencies between 16 and 100 Hz (Lyle et a8/,
1983). Peak suppression occurred at 60-Hz modula-
tion. with smaller effects at 16, 40, 80, and 100 Hz
The exposed cells recovered full cytotoxic activity
12.5 h atter the termination of exposure. This resuit
demonstrated an inhibitory but reversible effect on a
cell-mediated immune response by modulation
frequencies.

5.7.5.4 Sinusoidal ELF and Sub-ELF Signais

Most of the studies reviewed above demonstrate an
absolute requirement for low-frequency sinusoidal
modulation of the RF carrier wave in order for the
signal to be effective biologically. For completeness,
several reports are mentioned that describe biological
effects of exposure to low frequencies in the absence
of an RF carrier wave. Bawin and Adey (1976, 1977)
exposed chick and cat cerebral tissue for 20 minto 1,
6. 16, 32 or 75 Hz at electric fieid gradients of 5, 10,
56. and 100 V,-o/m in air. Only two frequencies. 6
and 16 Hz, caused a reduction in calcium-ion efflux at
10 and 56 V/m for the chick tissue. and at 56 V/m for
the cat tissue. Because all other combinations
produced no field-induced responses, the authors
described "amplitude and frequency windows* for
caicium-ion efflux. Electric field gradients within the
tissue were estimated to be 10™° V/m. The field-
induced reduction in efflux is in contrast to the
enhancement caused by modulated RF carrier waves.
Nevertheless. the frequency dependence observedin
the two studies was similar, which suggests an
interaction with a common substrate as the site of
interaction.

Blackman et a/ (1982) used chick brain 10 study the
influence of 16-Hz signals at 15 intensities between 1
and 70 Vo /m on the efflux of caicium ions. Two
intensity regions that inciuded 5. 6. and 7.5 V/m and
35, 40, 45, and 50 V/m caused enhanced effiux. No
fisld-induced effects were seen below (1, 2, and 3.5
v/m), between (10, 20, and 30 V/m), or above (60
and 70 V/m) the two effective intensity regions.
Moreover, 1- and 30-Hz signals at 40 V/m.caused no
change in efflux. This finding is consistent with the
reports of multiple-intensity regions of enhanced
efflux caused by modulated RF radiation (Blackman
et a/. 1980b, 1981). In addition to the intensity
response, the frequency dependence corroborated
reports by Bawin and Adey (1976) for low-frequency
signais. and by Bawin et a/. (1975) and Blackman et
al. (1979) for modulated RF fieids.

in these two low-frequency studies, the cause of the
slight difference in effective intensities is unknown.
The major disagreement in the results of Bawin and
Adey (1976) and Blackman et a/ (1982) is the
direction of the change in efflux; the latter authors
state that the “‘cause may be found in the slightly
different preparations and procedures used in the two
laboratories.”’
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Several research groups have reported biological
changes induced by Jow-frequency, sinusoidally
oscillating magnetic fields. The myxomycete Physarum
polycephalum has a longer mitotic cycie and reduced
respiration rate after chronic exposure to 2.0-gauss
magnetic fields at 75 Hz (Goodman er a/ 1979).
Human fibroblasts in culture exposed to sinusoidally
varying magnetic fields for a wide range of
frequencies (15 Hz to 4 kHz) and amplitudes (0.25 to
5.6 gauss) exhibit enhanced DNA synthesis (Liboff et
al. 1984). Fruit flies (Drosophila melanogaster)
preferred not to deposit eggs in a 10-gauss,
sinusoidally varying 50-Hz magnetic field; similar
exposure during development of the egg produced
iess viable eggs and pupae in the exposed sampies
than in controls {(Ramirez et a/. 1983). These resuits
suggest that low-frequency, sinosoidally varying
fields may alter fundamental biological processes.

Low-frequency, pulsed magnetic fields have aiso
been reported to produce alterations in diverse
biological systems. These ‘systems include the
developing chick embryo (Deigado et a/. 1982; Ubeda
et al 1983). Drosophila egg laying and mortality
(Ramirez er a/. 1983). the de-differentiating amphibian
red blood ceill (Chiabrera et a/. 1979), transcription in
the Dipteran chromosome (Goodman et a/ 1983),
nerve cells in culture (Dixey and Rein 1982), and
mouse bone cells in culture (Luben et a/. 1982). Many
of these studies used an intricate puised waveform,
which has been used in therapautic devices for bone
nonunions. All the studies used pulse repetition rates
below 500 Hz, with most below 100 Hz. Recently,
Liboff et a/ (1984) questioned the need for the
particular wave shapes because it appears that the
essental element is the low-frequency fieid.

5.7.56.5 Summary

Many reports of effects of RF fields that are amplitude
modulated at very low frequencies have not been
independently corroborated. The major exception is
cslcium-ion efflux from chick brain tissue /n vitro at
intensity levels far below those that cause heating.
This exception, combined with the resulits of studies
of brain biochemistry and EEGs in animals and with
synaptosomes and human neuroblastoma celis in
cuiture. provides evidence that CNS tissue from
several species, including human beings, is affected
by low-intensity RF fieids sinosuoidally amplitude
modulated at specific low frequencies (Table 5-23).
The physiological significance of these fisid-induced
effects is not established.

5.7.6 Unresolved Issues

in addition to the CNS-reiated changes, amplitude-
modulated RF fields have been reported to alter an
immune response and a pancreatic tissue function.
These reports with diverse biological systems are
without apparent connection to each other except for
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the physical agent causing the change. The biological
effects of frequency-moaulated RF radiation, e.g.. FM
radio signals, are not known. The reports cited above
of Merritt and co-workers indicate that puised
square-wave modulation may not cause calcium-ion
efflux, whereas data from the Bawin et a/ and
Blackman et a/. studies show that sine wave
modulation 1s effective.

No report has yet described a mechanism of action in
sufficient detail to identrfy the conditions necessary
and sufficient to explain unequivocally cailcium-ion
efflux in the brain or the other biological changes
caused by moduiated RF fields. The response to
specific frequencies and intensities is unusual and at
present unexplained. This response to amplitude-
modulated RF radiation or to sub-ELF signais alone
may be a true field effect at a very low SAR and at
biologically relevant frequencies, i.e., in the range of
frequencies normally present in the EEG. The
requency-specific nature of the responses provides
evidence against heat as the underilying cause. The
unusual, multiple-intensity-range response challenges
standard dose-response analyses, and by ifs very
nature, may prohibit the invocation of threshoid
|m's_ ——— o
Sem———

Other areas of unresolved issues include comparisons
of CW vs. PW microwaves under identical exposure

-conditions. Such studies would heip determine if the

differences seen by Wangemann and Cleary (1976)
were due to different exposure conditions or to the
irradiation parameters (CW or PW). There is aiso a
paucity of information on the effects of RF radiation at
different frequencies, particularly at frequencies of
environmental importance. Studies at different
frequencies would heip to determine the reasons for
differences in effects at similar SARs. Such studies
might help expiain why Wangemann and Cleary
(1976) reported serumn chemistry changes in rabbits
at 0.8 W/kg (2450 MHz), and why Lovely et a/. (1977)
reported no change in serum chemistry values in rats
at 1 W/kg (918 MHz).

There are aiso data such as those reported by Boggs
et al. (1972) where the resuits from microwave
heating to a predetermined temperature are different
from those resuiting from the same temperature
produced by other means of heating. Perhaps there
are differences in the uniformity of heating or in the
rate of hesting which would account for these
differences. In addition, a study by Deficis et e/, (1979)
reported elevated serum triglyceride and 8-lipoprotein
leveis in mice exposed to 2450 MHz 8t 1.5, 3.3, or 4
mW/cm2, but not at 1 mW/cm?. Because the
exposures were conducted in a muitimodal cavity,
SAR values were not reported and cannot be
predicted. If this study is repeated, particular attention
shouid be given to dosimetry. An alternative is to

.
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The reported effects on thyroid function at 3.75 W/kg
for 60 h contrasted with no effect at 6.25W/kgfor 16
h (Parker 1973) suggests that the total amount of
energy absorbed may also be animportant considera-
tion. Additional studies coulid define further the
relative importance of dose rate compared with total

dose.

Table 6-23. Summary of Studies Concerning Biologicat Effects of Low Frequency Modulation of RF-Radiation
RF Moduiation Intensity Time SAR
Effects Species (MMHz) (M2) (mMW/emi?)  (min) (W/kg) Reference
Altered caicium-ion efflux in
brasn tissue /n vitro
frequency specificity Chicken 147 6-20 1-2 20 0.002* Bawin er 8/ (1975)
influence of BH and tanthanum Chicken 450 16 0.75 20 0.0035°  Bawn et a/. (1978)
frequency and tntensity Chucken 147 16 0.83 20 0.0014°* Blackman er a/. (1979)
specificity
intensity specificity and Chicken 147 9.16 0.83 20 0.0014° Blackman er a/. (1980a)
sampie spacing .
theoretical analysis of Chicken 147 16 0.83 20 0.0014 Joines et o/. (1981) '
sample spacing
intensity specrfictty Chicken 480 16 0.1-1 20 0.0005- Sheppard et a/. (1979)
0.005°
two INtensity ranges Chicken 50 18 1.8 20 0.0013 Blackman et a/. (1980b)
386 0.0035
theoretical anatvsis of Chicken S0 18 —_— 20 ~0.001 Joines and Blackman (1980);
AF dependence 147 Athey (1981); Joines and
480 Blackman (1981)
test of predictions of Chicken 147 18 0.37 20 0.0006 Blackman et #/. (1981)
theoretical ansivses 0.49 0.0008
no effect for puise Rat 1000 16°. 32" 0.8-15 20 0.15-4 35 Shetton and Merrmtt (1981)
modulation
no eftect for puise Ret 1000 16° 1. 10 20 0.29-29  Merritt er o/, (1982}
modulation 2480 8. 16" 0.3
32
change n calcium efflux Ast 450 118 0.8 10 — Lin-Liu and Adey (1982)
kiN@ICS 1N SYNSMOosSomes
frequency snd intensnty Human 9186 16 - 30 0.08 Dutta o¢ o/. (1984)
specihicity in cultured besng
neurcbiastomsa celis
Ahered caicium-on effiux in
bramn tissus » vwvo .
no effect for pulse~ - Raet 2080 8° 16° 0.5-10 20 0.12-24  Merrm ot o/. (1982)
modulation 2
change in effiux kinstics Cst 480 ¢ 3 60 0.29 Adey et a/. (1982)
from aweks srumat
Changed EEG patterns Rabbs 1.2 1§ S00V/m 120 x 6wk — Takashima ot of. (1979)
50 14 500V/m 120 x 6wk —
No change in behavior Chicken 450 3. .18 1.6 23 0.2.1.0° Sagan and Medici (1979)
Suppressed T-lymphocyte Mouse 450 16-100 18 120 —- Lyle or /. (1983)
scuvity .
Altered caicium ron efflux Rat 147 16 2 60-150 <0.076 Albert ot #/. (1980)
N PONCTestIC Blices
in vitro
*Est. SAR.

‘Square wave.

5-93



Excerpts from Effects of Continuous Low-Level Exposure To Radiofrequency Radiation On Intrauterine
Development in Rats, S. Tofani et al., Health Physics, 1986, Vol 51, No. 4, page 489-499.

This study shows that at levels much below the ANSI standard that fertility and fetal development
problems can occur.

It emphasizes that Congress should begin to deal with the question of what to do if there are really adverse
health effects, given that telecommunications is such a pervasive aspect of our society.

0.08 Watts per kilogram of body weight is the "safe" level set by the ANSI standard for the general
population.

Page 494 gives the exposure level of the pregnant rats at about 0.00011 Watts per kilogram of body
weight, about 1/700th of the 0.08 Watts per kilogram of body weight considered "safe" for the general

population.
Page 492 shows only 50% of the pregnant exposed rats had viable fetuses.

Page 496 shows that depending on length of exposure that 24% to 52% of the exposed rats had
incomplete cranial development compared to 5.7% for the controls. This suggests that increased
radiofrequency exposure, even at base station levels could result in infertility problems and fetal

development problems.
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Abstract — 10 assess the elicct of low-level radiofrequency radiation on pregnant rats, grasid
damy were caposed contimuously 1o 0.1 mW ¢m T at 2782 Mitz during diffesent penods of
prognaney ologiost assays cunsisted of deteenitning poe- and post-implantation losses and the
ety o mateenal body weight increase. Fetal parameters monitored included sex, mean viabie
fetab woaght on Day 20 of gestation, externad, sheletal and visceral Fetal malformations. anoniahics
and vanationsy Dosimcing evatuations were made i terims of aserage speaihc absorphon aate
(SARY and basal metabohe rate (BMR). Findings included o considerable increase w the por-
tentage of totat resurptions, reduced body weight inerease in the eaposed dains and incomplete
cramat vssification in ther fotuses. Results obtained were compaged with those showa by other
authors 1uscoms possible o ascabe some of the elfects 1o a speaitic action of the radioficquency
tadiatton occarning independently of the ase i temperature The by pothesss that the cxposure
B, togethes with SAR, plays an impottant role i inducing spedific expasuie cllects due

tadurequeney tadiation ss pn‘scnlcd

INTRODUCTION

IN RECENT yeass, considerable rescarch has fo-
cused on the interaciion ol radiotrequency (RF)
radiztion with v organisms. By 1980, more
than 5,000 s tcies dealt with the subjuct (Gusyy,
Most studics concentrate on high-level fields, but
few investigate the ctiects of low levels that do
not produce appreciable bady wmperatuse in-
creases (AR, WHEL) T yposine to fevels of RE
radiation high cnough to raise body temperature
poses problems i tnterpreting results, 1tis often
dibicuit 1o distinguish the cllects presumably due
to g specihe RE- radiation action trom those ex-
clusively due 10 hypeithermia of the exposed
subjects.

Then, in experimenting with icld levels high
enough 10 raise hody temperature, continuous

exposure had to be avoided so physiologically m-
tolerable temperatures were not reached.

Fhe study of the eflects ol protonged exposuire
todow levels of RE s very important sinee it ep-
Fesenls true caposuie conditions ol sizeable pop-
ulations.

Thistype of study takes on further sigmiticance
sinee several nations e in the provess of esab
Bishvung stamdards o rcgubate oxvposune o R g
diation (IRIPPARY).

The prenatal period was chosen in order 1o
evaluate the elect of continuous low-Jevel ea-
posure. For this purpose, pregnant rals were e
posed o continuous low-fevel (01 mW cm )
RE radiation at a frequency of 2712 Mz dunng
different penods of pregnancy. Recenthy other
authors (1175 1 aB2) have studied the ofleass

189
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vonnected with non-conttnuous  eaposare
2T2-ME RE tadiation duning ditferent gesta-
Hon stages.

INSTRUMENIS, MATERIALS AND METHODS

Seaually mature, 12- 10 |13-week-0ld, CD
Sprague-Dawley ratst were given a pelleted dictd
and water ad hibinon, and they were mantained
under a F2-h light, 1 2-h dark cycle at 22+ 2°C

Four sexually mature nulliparous females were
caged overnight with cach male and checked the
tollowing morning between 830 and 930 4 m
for the prescice of sperm an the vaginal simcar
fhe day speom was detedted was considered $ay
Oal gestation Siaty mated lemales were marked
un different sides of the body with o prone and
amd water solshion and randamly assigned to an
cipused or control group

Four groups were formed {1, B ¢ and D
Giroupa 4 and 8 were composad of 200 females
vach, groups € and D of 10 cach Group f fe-
males were sham-caposed and considered the
vontrol group. Group B was evpased conting.
ously tor the pregnancy peaod from Day 0
through Day 20 Group € was eaposad contin-
uowsly from: Day O through Day 6 and group )
from Day 6 through Day 15 of gestation Groups
Cand 1) were eaposed to determine if RY radia-
tion exercises @ selective influence on the un-
plantation or organogenesis phases.

The animals were exposed 1o RE radition
a frequency of 2712 MEBz an electric ficld
stiength of 20V i ' and a magnetic ickd stiength
ol 005 A m ! (power density 0.1 mW em )
1 he RE radiation was gencrated by a 27 12-Mlis
power generator§ and a radiant col antenpa ¥

The exposed dams were co-housed in lidiess
plastic boxes measuring 80 = 60 < 35 con.

The antenna stood 150 m lrom the rat box at
floor tevel 50 as to provide an exposure under not
purely inductive held condinons. At height,

t Charles River Halia S p AL Vo Indipendensa 12-
13, Calco 22050, Como, haly.

3 GLP ARE2S, Haluna Mangnm, V G Galiler, 6-
Scilimo Mitanese (M1), Milan, ltaly.

§ Sanitas Thermosan 1000 RE generator;, Sanitas
Elevtric, Via A. Da Guissano 1, 20145 Milano, Raly.
nens Diplode antenna; Sicmens AG UB MED,
Henbestrasse 127, 1-8520 Erdangen, Federal Republic
of Germany.

CONITINLIOUS { OW B VL

EXPOSOURE 1o BRE 0ADIATION

1owas possible to produce homogenous RE ra-
dratton fevels on g surbace Lige conought to contain
two 1at boaes side by side Since every rat oy
contarned 1 feniles at the most, 20 temales of
the 8, and D groups coubld be caposed simul-
tancously  The expeomental apparatus operated
contiuously for 45 ¢ thereby eaposing all the
amimals

AL e satmie ime, the Giooup | animals were
shamarcadiated e another oom Dunng the
pregnancy perid when they were not subjected
to srradistion, the group Cand D animats were
placed e gronp s oo

Fhe twoooms used los iceadiation and sham-
wiadiation had the following environmental
conditions tWemperatine 22 0 220 ckatnge hu
iy 60 0 2004 1S o Changes o houn (hitered
with absolute hiers) and g arcadan oyole using
E2h dght and dark intenals

Fo ensure coftedt evaluation ol the rosults,
parmicular care was tabhon i imcasuring the o
posure levels Posimctry consisted ol

1y Measnsimg hokd dosels amd ventyimg thae
unifornnty over the enbire space provided for the
raty, with g held meter nstiumemt ™ equipped
with an ssotropic clectcal sensor " and with an
1sotropic magnetic sensor ™' The umfornnty was
fTound o be adeguate within o maggin of 1 JdB

{2} Yenlying the absence of diterent intericr -
ing frcquenaies, duce o environmental back-
ground or to highecorder harmonics enmtted by
the generator Hhs was done with a sprectium
analyzer 3 and mambtiame digital memony 3
whieh hiad aspeaiadly designed breoncal section
antenna appropriasicly calibrated
vidud negative tesults,

(W Bvaduating the SUEE2 hebd tevels present
m the tat buxes. with an sotropie sensartt™ ap-
propuately cahbiated 1detedted o low ambient
level natnllucnced by runmming the gencrator

() Cheching the rectal temperatase ot all the

1 he test pro-

t () Acansha Motenng Iistiamcor 11 W7, (b
Actitaba Madel RV 14, (0 Acriatia Model RV 47,
and (d) Acriaha Model RV 193 Aciitaba, Avionic
Seator, 1OOT2 Cascle Fannese, faly

$ (@) Hewlett Pachand 8558 1Y spectiam analyecer,
and (b) Flewlett Packard 53 A mamirame digial
memory, Hewlett Packand Co PO Box 10301, Pale
Alto, CA 941013

s

S TOVFANL of wl 4]

rats ot the 1, Cand 1 groups every day of

pregnancy Moasurements were Brhen o g depth
of 1 cim with an uptical hber probed™ connedted
with a tleoropue thermameter $*7 1he system
permitted an accuracy o 0 1°C he lemperature
was fuund 1o stay within physiologically nosmal
hnnts

The body weight ot cach dam was recorded on
Days 0.6, 10, 15, 18 and 20. The Day 20 body
werght recording also was nude for the net weight
of the uterus and concepta,

Alb iy were sacuificed by cervical distocation

between 200 p e and 300 pm on Day 20 of

gestation and autopsicd 1o record number of cor-
pora lutea. number ol inplantabens alter Sa-
lewsky's stamimg, number ol viable fetuses,
aumber ol dead fetuses, fetal body werght and
sex of the fetuses Preoimplantation losses were
caleulated for cach dam by subttacting the num-
ber ot unplantatons trom the mumber of corpora
luica Postamplantation losses tor cach dam were
derned by subtracting the numbers of vable fe-
tuses trom the sumber of implantations  1he
presenve ol corpor hutea gave ovidence ot the
Pregnancy it cases i wineh ttal resorptions wese
observed

Subiscquently, the presence of external varia-
tons, anomalies or matformations was recorded
for cach fetus ity percent of cach hitter was
cleared (Ci62, 516-1) for sheletal exanunation and
the other SO% was fixed Tor visceral examination
by Wilson's lechimgue (Wias)

Phe biter average was the unit chosen Tor data
analysis eacept tor fetus malfornations, anom-
alies and vaniations, i which Gase the fetus was
considered the evperimental unit Test and con-
trol group Ccomposition was such as to provide a
suflicicnt aumber ot experimental unts (single
litters) tor suntable statintical evaluation (Pago).

Statstical analysis of tie results was by: (1)
Dunnetts mutiiple comparison test (DuS3) for
maan maternal and fetal weaghts: (23 Mann
Whitney's U test (5i36) to compare mean number
of corpura lutea, mean number of smplantations,
mean body-weght incicase, mean number of vi-
able fetuses, as well as pre- and post-implantation

3G Lustron Model TMC, () Fasteon Model
HODA T untron, 1060 Ferra Bella Avenue, Mountam
View, (A 24041

losses: and (3) chi square test 10 compare the
number of dams with 100% 1esorplions, number
of dams with viable fetuses, number ot fctuses
with vanations, anomakics o malfonmations, and
percentape of male and female fetuses. The level
ol signtheance was set at p < (L0 for all statistical
1osls

RESULIS

(@} Biologwal evaluations

The following resubts for alt dams in the Tour
cxpenimental groups are given in Table 1 corpora
tutea, implantations, number of dams with total
wesurptions, number of dams with viable tetuses
and pre- and post-implantation fosses. The pies.
ence of dead fetuses was not obiseryad

Stnce the expenniental uint was the hiter, the
data i the wables are means of litter means or
means of hitter percentage. The stundard ereor
which allects every value s indicated between
brackets

Phe data i ths table show that cyposate o
RE radiavon caused a high number of dasms with
total tesorptions in all teated groups Hins clleet
had an aidence of 3000 m the dams of groups
Boand Cand of 2000 m the dams ol group D,
while no dam o control group A had total re-
sorphons.

Fable 2 shows the tollowing results condermng
only the dams with viable fetases at 1ay 20 of
gestation for all experimental groups: cotpora lu-
tei, implantations. viable fetuses, pre- and post
implantation losses, weight and sex of [etuses In
this table, 100 the values are mcans of i
means of s of liter percentage.

From the values icported in Yable 20 e sy
nihcant mercase of post-amplantation fosses. -
dicated 1 Table | or B and C groaps, must be
atiibuted dlmost exclusinely 1o the dains wih
wtal resorpiions. I fact the postaamplantation
losses were not signiicant i the B and ¢ “proup
dams with viable letses on Day 20008 gestation

The agrecment between the sesults ielatig, o
the total resotptions e the C grooup compined
with those of the B group, and the non-signiticant
incresse in the nuimber of total resorpions in the
1 group, suggests that this cttect s inhed 1o ov-
posure dusing the sery early stage of the egg's
development, causing untavousable conditions
tor viplantation

Moreover, since this etlect does not result iy o
sighthcant genetadiced indicase ol the post-
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Tabic |. Data for all dams of the four expenimental groups. Values are means of the means of the liurer or means of perceruages per =
Ier. Affecting every value. the siandard error ( S.E.) 15 indicaied tn parentheses -3
D 4] g
ams wit !
Group Exposure No. Corpora lmplantations: X % Cams with . -
periyod gravic lutes: Pre-implant. Post-implant. viable tota A 3
{Day: females losses : lonses fetuses resorveions: z
Mean Mean Nean Mean No. t 4 No. % E
(S.E.) {S.E.) (S.E.} {(§.L.) E
A
0 0 c
A - 20 11.00 9.3% 16.63 6.06 20 100 £
(0.86) {1.01} {6.89) {2.08) o
<
o Wlw "t s z
B 0-20 20 10.40 8.20 24.6% 8. 44 1C -
(0.70) {0.88) 1%.23) | (10.28) §
+ 1 2
4 06 Lo 11.10 8.680 20.%0 ; 51.67* 5 50 5 50 E
=
(0.61 {0.80) 15,82} | (16.19) =
| 2
i 6-18 i 12.3¢ 10.60 15,56 o 37.80 8 80 2 20 ;
(1.048) (1.20) (5.1% 114,14 -
=
»
I~
»
Mann shitney's “UT zest one-tal led) ‘ p { 0.0% ch: 2 test 4 p.0.O1 ;
oy <
p £0.001 =
‘
Tabic 2. Daia for aams of 1he four experimentai groups with viabie fetuses ai Dar 20 of gestation Values are means of means of hitter
or means o pereentages per litter. Affecing every value. tie siandard crror (S.E.) 15 indicated in parentheses
Grour Expasure e, of Corpora Implantations: % Viable % Fetal Sex
periad gars with lutsa Pre-implant. fetuses: Post-implant. wejghtig): —
{Day) viadie losses: losses:
f2zluses Mean Mear. Mean Mean Mean Nean
{S.E.} {S5.E.) {S.E.) (s.E.) (S.E.) (S.E.)
v
-t
=]
A - 2z 11.00 9.3% 16.63 B8.80 6.86 3.78 47 53 ;’
Z
(0.86) (1.01) (4.89) (0.96) 12.04} (0.13) =
B Cc-20 1% 11.10 9.80 12.87 8.3 16.89 3.7% 52 48 =,
(1.0%) (1.0€) (2.9%6) (1.37: (7.80) (0.06)
¢ -6 < 12.00 9.60 15.89 9.4 3.33 N 53 a7
{0.95) f1.21) {7.65) (1.36) (0.2) (0.38)
o 6~15 e 13.2% 12.00 9.07 g9.88 22.2% 3.5% 48 52
(1.05) (0.95) (3.13) (1.84) {12.18) (0.21)

far
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implantation losses in all the exposed litters, but
in a total post-implaniation 10ss 1n sume Jums,
it leads us to supposc that the effects must be
ascnbed to an action of RE radiation un the dam

Table 3 reporis the body weight on Days 0 and
20 of gestation; weight on Day 20 of gestation
cacluding gravid uterus, absolute increase from
Day O through 6, 6 through 10, 10 through 15,
15 through 18 and 18 through 20, 0 through 20,
and the increase in the same pertod excluding
gravid uterus.

Data reported in Lable 3 refer 1o the dams that
had viable fetuses on Day 20 of gestation. The
comparison between the body weight increases
at different gestational stages 1s Justibied sinee the
mean numbet of viable fetuses of such dams
similar for the four groups

Values reported in Table 3 are means of litter
mcans. On Days 0-6, the weight increased relu-
tive to the animals of the exposed groups (U and
), whose weight was sigiticantly lower

In the fullowing penod (Days 7-10), the weight
mcrease was lower in the exposed ammals of
groups B and D compaied to those of the control
group.

‘The animals of 8 group, wradiated from Day
0 1o Day 20 of gestation, showed a smaller in-
crease from Day 18 through Day 20

The increment of body weight in the period
from Day 0 to Day 20 of gestation, nct ol uterus
and concepta, is sigmbicantly lower in the three
eapused groups compared 1o the control one; in
particular it is lower for the B8 group that was
exposed for the longest peniod.

Results shown in Table 3 suggest that the ex-
posure to RE radiation produces a smaller in-
crease in the dams’ body weight, rellecting a neg-
ative influence on their health.

The body weight increase of the dams which
had 1otal resorptions was pot copsidered because
they could not be compaied to the control group.

Table 4 gives the data from the external, skel-
etal and visceral examinations of the fetuses. The
percentage reported in the table refers to the

number of fetuses examined

The only tinding was an incompleie ossilica-
tion of the cranial bones. This variation was
found in all ¢xposed groups with a much higher
incidence than in the control animals or in gen-
cral observations of animals ol this strain. The
few external and visceral malformations did not
have any correlation to RFE exposure.

EFFLCTS OF CONITINUOUS LOW-1 EVEL

EXPOSURE 1O KE RADIATION

i the tables only p values below the statistical
sigmiticance level (p < 0 05) ate weponed.

(h) Doseenictric evaluadion,

Ihe ctlects of exposing live ofganism tanimals)
to RF radiation are customanly measured by cal-
culating the specthe absarption rate of encrgy
(SAR} The SAR, when RE sadianion power don-
sity 15 equal, iy essentially due o) radistion fre
quency, antmal size, and its vrientation with re-
spect o polarszition plane of present.

The SAR i strctly hinked to RY radiation ¢n-
ergy conversion into thenmal energy. Vhisas why,
when the obyect exposed has no thermoregulatory
mechamsims, the evaluation of SAR s merely a
matics of mcasunng beat (ChR2)

Using the SAR, 1t s casy to calenlate the
amount of energy relcased 1o a whole organism
and, when the SAR s compared to s basal met-
abuhe rate (BMR), it provides a way to estimate
radistion hazard SAR interpretation was used
10 st eaposure hmtts in national standards and
cstabihish  nternationgd gindehines (ANSIED
IRPABY) §hus, the study of RE radiation etleas
an animats and therr vorrelation thiough SR s
of signihicance

Recent studies have simulated man's eaposure
using antmals or figunines (Gudly; Gu8d), 1aking
into account the wavelength m relation to the
stze of the eaposed subject ¢DuB0) and using the
SAR 1o guasantee identical exposure conditions.

In this eaperiment, given the rais’ mobthty
(wnhin their boxes, an upper SAR limit was sel
presuniing continuous eaposure conditions to a
lincarly polanzed clectiical ficld in the direction
of the main body axis. Since the power density
incidence was 0.1 mW em ? and was uniform
over the surface available to the rats, the value
of 1.1 X 10 *W kg ' tor rats weighing 300 g cach
was obtained from Du78. This vitlue need not be
cortected for near beld exposure conditions
(Ch82), because the tiekd fevel was uniform in all

positions the 1ats could take. L ocal encigy uptake
and, hence, relative SAR increases in embiyos,
Tor example, can be ruled out because ol the size
ol bady patts compared 1o the radiaton wave.
length over the whole body (about 1 m). SAR
increases due 1o 4 multubody effect (Ga79) are
excluded for the same reason. The mean SAR
value is compared o BMR, which is6.51 W kg !
for these animals (Du78). 1 is clear that the mean
SAR is insignificant when compared to the BMR.
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5.6.3. Unmodulated Radiofrequency Fields

No data were found.

5.6.4. Summary

The preceding studies show that pulsed magnetic fields inhibit the hormonal action of
parathyroid hormone, which is to increase the concentration of CAMP, decrease the rate of
collagen synthesis in bone cell cultures, and increase the rate of bone resorption. This action
occurs at plasma membrane PTH receptors. These experiments indicate that puised magnetic
fields interfere with the signal transduction system which is mediated by the binding of PTH to
its plasma membrane receptor. Inasmuch as cell profiferation is also thought to be mediated
through the activation of muitiple signal transduction systems, it is possible that ELF also has
the potential for causing changes in some of these systems and thus couid have an effect on
cell growth including the growth of preneoplastic lesions and tumors.

8.7. MELATONIN AND OTHER HORMONES

In the previous section, the effects of ELF fields on parathyroid hormone-dependent
aspects of collagen synthesis were examined. Another endocrine gland, the pineal, and its
hormones have been associated with certain forms of breast and prostate cancer in humans

and with cancer induction in animais.

5.7.1. Background: Melatonin and Cancer

Various investigators have reported an association of melatonin secretion with cancer in
humans, particularly certain forms of prostate and breast cancer. Fraschini et al. (1988)
examined 254 cancer patients and found increased serum melatonin levels in 99 cases
(38.9%), decreased leveis in 15 cases (5.9%), and no change in 140 cases (55.2%). Mean
serum meiatonin leveis were significantty higher in cancer patients compared with 98 heaithy
controis (p<0.0001). Regardiess of cancer type, serum meiatonin levels were higher in cancer
patients compared with controls: breast and lung cancer, p<0.001; colorectal and gastric
cancer, p<0.005; soft tissue sarcoma, p<0.01; and lymphoma, p<0.025. Fraschini et al.
(1988) also observed that £6.7% of the patients whose tumors responded to chemotherapy
also exhibited increased serum melatonin levels following chemotherapy.
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Cohen et al. (1978) proposed that reduced pineal melatonin secretion may be a factor in
breast cancer risk. Bartsch et al. (1981, cited in Wilson et al., 1988) reported that women with
breast cancer had reduced urinary meiatonin levels. Danforth et al. (1982) noted altered
melatonin secretion in patients with estrogen-positive breast cancer. Bartsch et al. (1985)
reported that men with cancer of the prostate had lower nocturnal melatonin levels than men
without the disease. Stevens (1987) suggested that ELF field-induced exposure in rats may
result in loss of gonadal downregulation, resulting in increased circulating estrogen levels
which may in turn stimulate mammary tissue proliferation and hence increase breast cancer
risk.

Tamarkin et al. (1981) reported that metatonin alters dimethylbenz{a}anthracene (DMBA)
mammary carcinogenicity. Fifty-day-oid rats were given 15 mg of DMBA and were divided into
four groups: (1) OMBA + vehicle; (2) DMBA + daily melatonin injections (beginning at day
50); (3) DMBA + pineaiectomy (at day 20); and (4) DMBA + pinealectomy + melatonin.
Group 2 had significantty fewer mammary tumors than group 1 (controis), indicating that
melatonin inhibited carcinogenesis by DMBA; group 3 had more tumors than group 1,
indicating that removal of the pineal enhanced carcinogenesis; and group 4 had fewer tumors
than groups 1 or 3, indicating that melatonin ameliorated the adverse effects of pinealectomy.

From their studies, which demonstrated that rats constantly exposed to light had increased
DMBA-induced mammary tumors, Shah et al. (1984) and Mhatre et al. (1984) conciuded that
constant light from birth effectively deprives female rats of melatonin and leads to a constant
availability of estrogen and elevated circutating profactin, which increases the tumover of the
breast epithelial cells, thereby rendering the breast tissue more vuinerable to the
carcinogenicity of DMBA. Some experiments in rodents have shown an increase in mammary
cancer on administration of estrogen and of prolactin (Henderson and Pike, 1981).

immune and neuroendocrine functions cooperate closely to protect the organism from
external attacks (Maestroni et al., 1988). Maestroni et al. (1988) demonstrated in experimental
studies with mice that meiatonin has a general "up-regulatory” effect on the immune system.
Exogenous melatonin can counteract the effect of acute stress and/or of pharmacofogic
corticosterone on antibody production, thymus weight and antiviral resistance. Maestroni et
al. (1988) suggest that activation of T lymphocytes is necessary for the immuno-enhancing
and anti-stress action of melatonin.
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